Abstract The preventive effects of Artemisia scoparia extract (AS) and AS ? garlic extract (ASG) on the risk of Alzheimer's disease (AD) were evaluated in spontaneously hypertensive rats. Rats were supplemented with diets containing 2% (w/w) of AS or ASG for 6 weeks. The AS group showed lower levels of amyloid b and beta-site amyloid precursor protein cleaving enzyme 1 expressions and higher expression levels of low-density lipoprotein receptor-related protein 1 than did the control group (p \ 0.05). In addition, the AS showed remarkably reduced levels of phosphorylated tau proteins and suppressed expression of phosphorylated glycogen synthase kinase 3b at tyrosine 216 (active form) (p \ 0.05). The ASG group also suppressed amyloid b accumulation and tau hyperphosphorylation. However, there was no synergistic effect of garlic with AS in lowering the risk of AD. These results indicate that AS could be a potential candidate to ameliorate the risk of AD.
Introduction
Alzheimer's disease (AD) is a neurodegenerative disorder that weakens neurocognitive skills, including cognition, memory, and behavioral control, in elderly individuals [1] .
The worldwide prevalence of AD has been growing rapidly over the last three decades [1] . Extracellular plaques comprising amyloid beta (Ab) and accumulation of hyperphosphorylated tau protein in the form of neurofibrillary tangles are believed to be the causative agents in the progression of AD, as Ab obstructs neuronal transmission while tangles impede the transport of essential nutrients to neurons, leading to neural death [2] . The severity of AD is aggravated in pateints suffering from comorbid metabolic syndromes, such as diabetes mellitus or hypertension [3] . In particular, clinical studies have implicated that hypertension elevates the risk of AD with Ab accumulation and neurofibrillary tangle formation and impairs memory and cognitive function [4, 5] . Many studies have documented that a high intake of vegetables prevents the risk of AD and delays cognitive decline in the elderly [6, 7] . Therefore, vegetable intake for the clinical prevention of the risks of AD has received attention.
Artemisia scoparia (AS; redstem wormwood, Asteraceae) is an edible halophyte with a unique aroma and bitter taste. Several chemical constituents, such as scopariachromane, coumarins, flavonoids, sterols, and sesquiterpene lactones, have been isolated from this plant [8, 9] . Recently, various biological effects of the extracts, including antioxidant, anti-inflammatory, antipyretic, and liver protective activities, have been demonstrated [9] [10] [11] . We previously reported that AS attenuated an increased blood pressure in spontaneously hypertensive rats (SHR) via the suppression of angiotensin II production and inhibition of angiotensin I converting enzyme (ACE) activity [12] . However, the addition of garlic (Allium sativum) to AS did not significantly decrease blood pressure, even though garlic is well known to prevent high blood pressure [13] . High blood pressure causes an increase of AD risk and cognitive decline [14] . In particular, angiotensin II induces Ab accumulation and tau hyperphosphorylation and impairs cognitive abilities [15] . Therefore, AS, which inhibited the production of angiotensin II, was expected to ameliorate Ab accumulation and tau hyperphosphorylation in SHR. The effects of AS or ASG on AD-related factors in animal models have not yet been assessed.
In this study, the preventive effects of AS or ASG on the risk of AD in SHR that have been used as an animal model system for AD [16] were assessed by analyzing their effects on Ab production and tau hyperphosphorylationrelated proteins. In addition, the preventative effects of AS or ASG on oxidative stress in the brain tissues of SHR were also assessed.
Materials and methods

Materials
The aerial parts of AS were harvested in Shinan County, South Korea, in May, 2013, and cleaned with tap water. After steaming for 2 min, the aerial parts were dried for 2 days at 45°C. Garlic was purchased from the local market in Shinan County, in June, 2013. The dried AS aerial parts (4 kg) were added to 40 L of distilled water, extracted for 30 min at 121°C, and then filtered with filter paper no. 2 (Whatman, Maidenstone, UK). The remaining residues were extracted again with distilled water (20 L) and filtered as described above. The extracted solutions were pooled and freeze-dried to obtain AS extract powder. Similarly, to obtain ASG, the dried AS aerial segments/ fresh garlic (9:1, w/w) were mixed, and then extraction, filtration, and freeze-drying were performed using the same procedure as for AS.
Chemicals
Thiobarbituric acid (TBA), malondialdehyde (MDA), 5,5 0 -dithiobis(2-nitrobenzoic acid) (DTNB), hydroxylamine hydrochloride, 2,4-dinitrophenylhydrazine (DNPH), and acetylthiocholine iodide (ATChi) were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Rabbit monoclonal antibodies against beta-site amyloid precursor-cleaving enzyme 1 (BACE1), insulin-degrading enzyme (IDE), low-density lipoprotein receptor-related protein-1 (LRP1), and phosphorylated protein phosphatase 2A at tyrosine 307 (p-PP2A-tyr307) were obtained from Abcam (Burlingame, CA, USA). Antibodies against the receptor for advanced glycation end products (RAGE), glycogen synthase kinase 3b (GSK3b), phosphorylated GSK3b at tyrosine 216 (p-GSK3b-tyr216), and phosphorylated tau protein at serine 396 (p-tau-ser396) and 404 (ptau-ser404) were provided by Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Antibodies against NF-kappa B (NF-jB) p65, neprilysin (NEP), PP2A, and horseradish peroxide (HRP)-conjugated goat anti-rabbit immunoglobin G were provided from Millipore (Billerica, MA, USA). A monoclonal antibody against tau was provided from Invitrogen (Carlsbad, CA, USA). Rabbit GAPDH and bactin polyclonal antibodies were provided from Ab Frontier (Seoul, Korea). A human/rat amyloid (1-42) ELISA kit and trichloroacetic acid (TCA) were obtained from Wako Pure Chemical, Inc. (Kyoto, Japan).
Animal study
The Ethics Committee of Mokpo National University approved the animal experimental procedures (no. MNU IACUC-2014-011). Male SHR (4 weeks old) were obtained from Central Lab. Animal Ltd. (Seoul, Korea). The rats were kept under 55 ± 5% of humidity, 25 ± 1°C of temperature, and a 12 h light-dark cycle. Food and water were available ad libitum. After adaption for 3 weeks, the rats were randomly grouped into three groups (each group, n = 8) as follows; control group: rats were fed the AIN-93G diet, AS group: the rats were fed the diet supplemented with 2% (w/w) AS water extract, and ASG group: the rats were fed the diet supplemented with 2% (w/w) ASG water extract. The rats were fed the diets mentioned above for 6 weeks. The rats were anesthetized with diethyl ether and the whole brain was collected, then immediately frozen with liquid nitrogen, and deposited at -80°C until analysis.
Determination of Ab levels
The level of Ab (1-42) in the brain was determined by the Wako human/rat amyloid 42 ELISA kit, according to the manufacturer's instructions.
Determination of acetylcholinesterase (AChE) activity and acetylcholine (ACh) level
AChE activity in the brain tissue was evaluated by the spectrophotometric method published by Ellman [17] . The brain tissue (0.15 g) was homogenized in a lysis buffer (0.01 M Tris-HCl, pH 7.4, 1 mL) and centrifuged at 50009g for 10 min at 4°C. An aliquot (30 lL) of the supernatant was added to 600 lL of 0.3 mM DTNB in 0.01 M phosphate buffer (pH 7.0) and 150 lL of 8.45 mM ATChi. The mixture was monitored at 405 nm at intervals of 30 s for 3 min.
ACh level in the brain tissue was also measured according to the colorimetric method of Hestrin [18] . The supernatant (100 lL) of the prepared brain tissue homogenate was mixed with 200 lL of hydroxylamine acid.
After incubating for 2 min at room temperature, pH was adjusted to 1.2 by adding 100 lL of concentrated HCl/ H 2 O = 1:2 (v/v) and 100 lL of 0.1 N HCl containing 0.35 M FeCl 3 . The mixture was centrifuged at 50009g for 5 min. The supernatant was measured at 530 nm. In the brain tissue, the ACh level was calculated using a calibration curve that used ATChi as a standard.
Measurement of thiobarbituric acid reactive substances (TBARS)
Brain tissue (0.15 g) was homogenized in 1 mL of lysis buffer (0.01 M Tris-HCl, pH 7.4) and centrifuged at 50009g at 4°C for 10 min [12] . An aliquot (0.1 mL) of the supernatant was mixed with 0.3 mL of 10 mM K 2 HPO 4 solution and 1 mL of 0.15 M Tris-HCl (pH 7.4) and incubated for 20 min at 37°C in a shaking incubator (100 rpm). Then, protein was precipitated by adding 0.5 mL 20% TCA. The mixture were added to 0.5 mL 0.67% TBA and boiled at 95°C for 15 min. The absorbance was read at 532 nm and the TBARS level was determined from the standard curve of MDA.
Measurement of protein carbonyls (PCO) content
One milliliter of 2.5 N HCl solution containing 10 mM DNPH was mixed with the protein extract (1.5 mg) of the brain tissue [12] . After incubating at room temperature in the dark and vortexing shortly at intervals of 15 min for 1 h, the protein was precipitated by adding of 10% (w/v) trichloroacetic acid. The protein pellet obtained after centrifugation for 10 min at 30009g was washed with 2.0 mL of ethanol/ethyl acetate = 1:1 (v/v, three times), dissolved in 6 M guanidine hydrochloride (1.5 mL), and then kept at 37°C for 10 min. The absorbance was determined at 370 nm, and the PCO content (nmol/mg protein) was calculated using the molar absorption coefficient of 2.1 9 10 4 M -1 cm -1 .
Western blotting
The brain tissue (0.15 g) was homogenized with 1 mL RIPA buffer, which was composed of 0.01 M NaF, 0.01 M EDTA (pH 7.4), 0.01 M sodium pyrophosphate, 2 mM phenylmethylsulfonyl fluoride, 0.1 mg/mL aprotin, 1.0 lg/ mL pepstain, and 1.0 lg/mL leupeptin. The homogenate was centrifuged for 40 min at 15,0009g at 4°C after protein extraction for 2 h at 4°C. Protein content of the supernatant was measured according to the Bradford method [19] . An aliquot (400 lg protein/40 lL) of the supernatant was mixed with 40 lL tricine buffer containing 2% 2-mercaptoethanol and boiled for 5 min at 95°C. SDS-PAGE was done, and the proteins were transferred to a polyvinylidene difluoride (PVDF) membrane. After washing with TBST buffer, the membrane was incubated overnight with primary antibody. 
Results and discussion Preventive effect of AS or ASG on Ab accumulation in SHR
The rats supplemented with AS or ASG diets showed lower levels of Ab(1-42) in the brain tissue than did the control rats fed a normal diet (p \ 0.05) [ Fig. 1(A) ]. In addition, the AS-and ASG-fed rats revealed significantly lower expression of BACE1 compared to the control rats (p \ 0.05) [ Fig. 1(B) ]. However, no significant differences in BACE1 expression or Ab (1-42) levels between the AS and ASG groups were observed. The BACE1 is an essential enzyme for the production of Ab, as it cleaves Nterminal of amyloid precursor protein [20] . Excessive Ab accumulation induces Ab plaques that trigger the development of AD [20] , along with a reduction in learning and memory abilities. Our results suggest that AS or ASG diets reduce Ab accumulation at least partially through the suppression of BACE1 expression in the brain of SHR. RAGE transports Ab to the brain across the blood-brain barrier from the systemic circulation, resulting in Ab accumulation in the brain, whereas LRP1 removes Abs from the brain through the blood-brain barrier [21] . IDE and NEP are responsible for the degradation of Ab, and prevent Ab deposition in the brain [22] . In this study, ASand ASG-fed rats showed significantly lower RAGE and higher LRP1 expression levels than did control rats (p \ 0.05) [ Fig. 1(B) ], although no significant differences in their expression levels between the AS and ASG groups were observed. The AS or ASG diets appeared to remove Ab from the brains of SHR by enhancing LRP1 and suppressing the RAGE expression. However, expression levels of IDE and NEP were not significantly different between groups [ Fig. 1(B) ], suggesting that AS or ASG intake do not stimulate expression of IDE and NEP, which are involved in degrading Ab in the brain. The previous experiment reported that Ab (1-42) level, BACE1, and RAGE expressions increased and LRP1 expression decreased in the brain of SHR [23] . In particular, reduction of hypertension caused the attenuation of Ab accumulation in SHR [24] . In our previous study, AS or ASG diets were found to reduce oxidative stress and hypertension in SHR [12] . Therefore, these observations suggest that AS or ASG diets attenuate hypertension and lead to decreased Ab accumulation via suppressing RAGE and BACE1 expressions and enhancing LRP1 expression in the brain of SHR.
Ameliorative effect of AS or ASG on tau hyperphosphorylation in SHR
Tau protein, which is abundantly found in neurons, plays an important role in stabilizing microtubules [25] . Tau balance is regulated by kinases and phosphatases. Excessive hyperphosphorylation of tau causes the formation of neurofibrillary tangles, which are involved in the pathogenesis of AD [25] . GSK3b is a representative kinase that is involved in the phosphorylation of tau [26] . The expression of PP2A, a representative phosphatase, is greatly decreased in AD patients [27] . In this study, the AS or ASG groups showed lower expression levels of p-tauser396 and p-tau-ser404, which are well-known hyperphosphorylated tau proteins, compared to the control group (p \ 0.05) [ Fig. 2(A) ]. Moreover, compared with the control group, the AS or ASG groups exhibited lower ratios of p-GSK3b-tyr216 (an active form) to total GSK3b (p \ 0.05) [ Fig. 2(B) ]. This result suggests that AS and ASG diets may inhibit GSK-3b activity via suppression of phosphorylation at tyr216 in the brains of SHR. The AS or ASG groups exhibited no change in the expression ratio of p-PP2A-tyr307 (inactive form)/total PP2A (active form), which is involved in dephosphorylation of tau, when compared with the control group [ Fig. 2(C) ], suggesting that regulation of p-PP2A activity via phosphorylation of p-PP2A at tyr307 may not be affected by AS or ASG diets. It was demonstrated that tau hyperphosphorylation and GSK-3b activity were elevated in SHR [15] . It is also suggested that various antihypertensive drugs could retard a cognitive decline or an incidence of dementia [15, 24] . Therefore, these observations suggest that AS or ASG diets may attenuate tau hyperphosphorylation through the inhibition of GSK3b activity by suppressing phosphorylation of GSK3b at tyr216 in the brains of SHR.
Effect of AS on ACh level and AChE activity in the brain of SHR
ACh is the most common neurotransmitter in the central nervous system and plays an important role in sleeping, attention, and memory [28] . AChE, which is mainly found in neuromuscular junctions and cholinergic brain synapses, hydrolyzes ACh to choline and acetic acid, resulting in the degradation of the signal [28] . In AD patients, reduced ACh content and increased AChE activity have been observed, which have been associated with loss of memory, cognitive, and behavioral abilities [29] . In the present study, significant differences of ACh level and AChE activity between the groups were not observed (Fig. 3) . These results suggest that AS or ASG intake do not affect the changes in ACh level and AChE activity in the brain.
Preventive effect of AS or ASG on oxidative stress in the brain of SHR Oxidative stress and inflammation increase the risk of AD [30] . The increase of blood pressure in SHR induces oxidative stress in the brain [31] . MDA and PCOs are important oxidative stress-related factors in AD [32] . In addition, an increase in oxidative stress brings about inflammation via activation of NF-jB and the stimulation of tumor necrosis factor alpha pathway [33] . We previously reported that AS or ASG diets reduced oxidative damage in the liver, skeletal muscles, kidneys, and plasma of SHR [12] . However, whether AS or ASG diets reduce oxidative stress in the brain remained unclear because it was possible that the blood-brain barrier was capable of blocking the passage of active compounds in AS or ASG diets from the periphery to the central nervous system. In this study, the AS-and ASG-fed rats showed lower MDA and PCO levels in the brain tissue than did the control group (p \ 0.05) [ Fig. 4(A), (B) ]. Additionally, the AS-or ASG-fed rats exhibited lower NF-jB p65 expression in the brain tissue than did the control rats (p \ 0.05) [Fig. 4(C) ]. These results also indicated that AS or ASG diets attenuate oxidative damage and inflammation in the brain of SHR, suggesting that active compounds of AS or ASG are capable of passing through the blood-brain barrier. Therefore, it is possible that a reduction in oxidative damage brought about by the AS or ASG diets attenuates the risk of AD via amelioration of Ab accumulation and tau hyperphosphorylation in SHR. However, the significant difference of MDA and PCO levels as well as the expression of NF-jB p65 between the AS and ASG groups were not observed.
In this study, we found that AS or ASG reduce Ab synthesis and tau hyperphosphorylation by suppressing BACE1 and tau protein kinase with the reduction of oxidative stress in the brains of SHR. In addition, we previously reported that AS or ASG reduce blood pressure in SHR by the inhibition of the ACE activity and angiotensin II production and several ACE inhibitors have been identified in the aerial parts of AS [12] . It is known that angiotensin II induces Ab synthesis and tau protein hyperphosphorylation [15] . Furthermore, angiotensin II receptor blockers have been proven as a candidate for the treatment of AD [34] . Thus, reduced Ab synthesis and tau hyperphosphorylation in AS or ASG group could be due to at least partially ACE inhibitors in AS or ASG. Angiotensin II is also known to induce oxidative stress through angiotensin II type I receptor. Therefore, in addition to antioxidants present in AS or ASG, ACE inhibitors of AS and ASG might play a role in the reduction of oxidative stress in AS or ASG groups. We could not observe significant differences between AS and ASG in most of the parameters related to AD. Garlic has been found to ameliorate parameters related to AD [35] . Thus, we thought that addition of garlic to AS (ASG) would be more effective than AS only in amelioration of parameters related to AD. However, significant effects by addition of garlic to AS were not observed. One possible explanation for these results could be due to the preparation of the extract of ASG. As described in ''Materials and methods'', the dried AS parts were mixed with fresh garlic in the ratio of 9:1 (w/v), then extracted, filtered, and freeze-dried. If water content of fresh garlic is about 90%, dried matter of garlic will be reduced to one tenth. In this case, the garlic content could be too small compared to the AS content to show any effect. This could explain why we could not observe significant differences between AS and ASG groups. Another possible explanation could be that garlic may not be synergistic with AS. These results suggest that AS could be a potential candidate to ameliorate the risk of AD.
